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Description 

This invention relates to the analysis of liquid 
samples which are carried along a flow channel 
by a carrier liquid. The method and apparatus of 
the invention are particularly well suited for use in 
the automatic analysis of samples of clinical 
interest, but are also well suited for use in the 
automatic analysis of agricultural, pharmaceutical 
and industrial samples. 

Various types of analytical apparatus are 
known. One type of apparatus is known as a 
discrete analyser, and in this apparatus a sample 
is placed in an individual container where, in 
general, it remains for the duration of the analyti- 
cal procedure which is carried out An advantage 
of this arrangement is that each discrete sample 
can be individually labelled, so that confusion 
between different samples is minimised. 

A further type of analyser mixes a sample under 
investigation with a reagent by injecting them . 
into a chamber from which the reacting mixture is 
passed to a measurement cell. The mixture is held 
in this cell for a short time while a measurement, 
for example a photometric measurement, is 
carried out. 

In a further type of apparatus, samples travel 
continuously in a carrier stream moving along a 
narrow flow channel which is designed so that 
each individual sample retains its integrity with 
respect to adjacent samples. In one system, slugs 
of air are used to separate individual samples In • 
the moving stream. In another system, known as 
flow injection analysis, the carrier medium Is the 
reagent with which the individual samples are to 
react A precisely measured sample is injected 
into the flowing reagent stream at a given point 
Injection can take place with a syringe, e.g. 
through a septum or by means of a rotary valve. 
In the latter case, the port in the rotary valve 
constitutes the measuring device; a slight excess 
of sample is injected through the port which is 
then rotated to deliver its contents into the flow- 
ing reagent stream. The injected slug of sample 
remains coherent as it passes along the narrow 
tubing which constitutes the flow channel, 
although the sample becomes elongated. The 
sample mixes with reagent by radial diffusion 
from the boundary layer. Successful operation of 
'this flow injection analysis technique therefore 
requires that turbulent flow is avoided. This, 
arrangement offers advantages over the system 
using air-segmented samples, in that it allows 
more rapid sampling rates without adverse 
effects on the accuracy of the analytical results 
obtained. The system does, however, have the 
disadvantage that it is wasteful of reagent, which 
in many cases will be an expensive commodity. 

U.S. Patent Specification No. 3,489,525 de- 
scribes an automatic analysis system in which a 
specimen is mixed with a diluent liquid to form a 
sample liquid which is then divided into a plural- 
ity of sample aliquots each of which is then 
separately mixed with a different reagent to form 
a test solution. The test solutions are then individ- 
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ually assayed and recorded. The diluent liquid is 
obtained from a container by the action of a first 
peristaltic pump and Is delivered to a mixing 
container, which also receives the sample which 

^ is to undergo investigation. The sample arrives In 
a capillary tube, and is expelled into the mixing 
container by a blast of air. A plurality of outlets 
from the mixing container pass through a second 
peristaltic pump, as do a series of tubes which 

'0 supply different reagents. Downstream of the 
second peristaltic pump, tube lines merge so that 
sample aliquots are mixed with the different 
reagents for analysis. 

U.S. Patent Specification No. 3,690,833 de- 
scribes an automatic chemical analyser which 
draws In a fluid sample, advances sample ali- 
quots along processing paths, with a programme 
of discontinuous motions In which the sample 
stream is Intermittently, advanced and then held 

20 essentially stationary. The fluid advance/fluid 
dwell periods are arranged so that the system can 
simultaneously process a plurality of samples 
subjected to several different reactions with diffe* 
rent incubation times. Only one sample is sub- 

25 jected to assay at any given time, and to achieve 
the proper sequencing, a complicated fluid direct- 
ing arrangement Is disclosed. The fluid is convey- 
ed along the respective flow channels by propor- 
tional pumps, downstream of which reagent and 

30 sample flows lines merge to give a series of flow 
channels in which the reaction between reagent 
and sample occurs. The complex flow control and 
fluid directing arrangements necessary for proper 
operation of this automatic chemical analyser are 

3S not required In the present Invention. 

French Patent Specification No. 2,446,480 de- 
scribes an analytical system in which a con- 
tinuously flowing stream of biological samples 
are transported along a flow channel one after the 

40 other separated by segments of rinsing water. A 
portion of. a sample Is drawn up into a probe 
carried on an arm by the action of an aspirating 
syringe. The arm is displaced, and the sample 
held within the probe is expelled into a container 

45 followed by sufflcient distilled water to give the 
desired dilution. The container which receives the 
diluted sample is on a turntable which rotates so 
that the container can occupy one of a series of 
locations. Rotation is effected, and part of the 

50 diluted sample is extracted for analysis, e.g. by 
flame photometry. The operating sequence of the 
apparatus is arranged so that delivery of a sample 
into one container can take place simultaneously 
with withdrawal for analysis of a further sample 

55 for another container. The flow channel leading 
towards the analysis station will thus contain a 
succession of segments consisting of sample, air 
and rinsing water. There Is no provision for the 
introduction of a reagent into that segment of the 

60 flow channel which contains a sample for analy- 
sis. The apparatus is thus principally concerned 
with controlled dilution of a succession of 
samples. 

According to one aspect of the present Inven- 
65 tion there is provided a method of analysis of a 
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liquid sample which is carried along a flow 
channel by a carrier liquid, which method com- 
prises simultaneously introducing a predeter- 
mined quantity of a given sample and a predeter- 
mined quantity of a selected reagent directly into 
separate flow lines by aspiration from separate 
containers; bringing the extracted sample and the 
extracted reagent together into a common flow 
channel; and causing the sample/reagent mixture 
to travel along said flow channel to the measure- 
ment cell of an analytical instrument, the sample 
and reagent being aspirated and caused to flow 
along the flow channel by a peristaltic pump, 
characterised in that: (1) the sample and reagent 
are extracted by hollow probes which are con- 
nected to the peristaltic pump; and (2) after the 
predetermined quantities of sample and reagent 
have been aspirated, the hollow probes are trans- 
ferred while pump action Is momentarily stopped 
to a container of a carrier liquid, whereafter the 
pump Is re-started, whereby the sample and 
reagent are caused to travel along said flow 
channel as a discrete liquid slug interposed in a 
stream of carrier liquid. 

The method of the invention can be used in the 
sequential analysis of a series of samples. It can 
operate with a plurality of samples simultaneous- 
ly present at different positions within the flow 
channel, or with just a single sample at any one 
time within the flow channel. 

The method of this invention does not require 
the use of air bubbles to segment the carried 
liquid. Thus the material present in the flow 
channel is in the form of a continuous liquid, the 
carrier liquid having interposed therein discrete 
liquid slugs of sample/reagent mixture (herein- 
after called "active slugs"). Conveniently, the 
carrier liquid is distilled water; there is no need to 
use a carrier liquid which is immiscible with the 
active slug. 

The method operates under conditions of lami- 
nar flow in the flow channel, and only relatively 
low pressures are required to pump the material 
along the flow channel. 

The flow channel is preferably constituted by 
clear piping of Internal diameter not greater than 
1 mm; commercially available polyethylene or 
polypropylene tubing has proved to be satisfac- 
tory. 

Preferably, the sample and reagent are ex- 
tracted from their respective containers by probes 
or dip-tubes which are connected to narrow bore 
tubing which leads to a peristaltic pump. The 
probes cian remain in a source of carrier liquid 
until an active slug is to be Introduced Into the 
flow channel. The probes are then transferred 
from the source of carrier liquid to the respective 
containers of sample and reagent. 

The peristaltic pump is preferably driven by a 
stepping motor under control of a microprocessor 
so that the motor can make precisely controlled 
angular movements. This in turn effects precise 
control of the proportions of active slugs and 
carrier liquid which pass along the flow channel. 
As well as allowing precise control of the material 



in the flow channel, the use of a stepping motor 
controlled by a microprocessor enables the 
method of the invention to be very flexible, in that 
the size of successive samples, the gap between 

5 successive sarnples and the time selected for the 
analytical measurement of samples can all be 
varied independently. 

It is preferred that the quantity of reagent 
extracted should exceed that of sample; thus 

10 when the sampfe and reagent are brought to- 
gether, which is preferably at a Y-piece or T-piece 
made for example, of plastics tubing, the active 
slug thereby formed ensures excellent mixing of 
sample with reagent while being very economical 

IS In terms of the quantity of reagent which Is used. 
The pump tube provided for that probe which, 
in use, extracts reagent can be of a larger diam- 
eter than the other pump tube. Thus a given 
angular rotation of the peristaltic pump will cause 

20 the quantity of reagent which is taken up to be 
larger than that of the sample which is to be 
investigated. 

Generally, the flow channel will include a coil of 
narrow bore tubing of a length sufficient to give 

25 the desired contact time between sample and 
reagent The flow channel would also include an 
analytical station, for example the flow cell of a 
colorimeter. 
According to another aspect of the present 

30 invention, there is provided apparatus for the 
analysis of liquid samples carried along a flow 
channel by a carrier liquid, which apparatus com- 
prises a flrst container for the material a sample of 
which is to be analysed; a second container for a 

36 reagent to be admixed with said sample; a third 
container for a carrier liquid; means for bringing 
the extracted sample and the extracted reagent 
together into a common flow channel; a peristal- 
tic pump for effecting aspiration of liquids from 

4o the containers and for pumping the liquids along 
the flow channel; and means for deriving an 
analytical measurement from material in the flow 
channel, the apparatus being characterised by a 
first hollow probe for insertion into either the first 

46 container or the third container; a second hollow 
probe for insertion into either the second con- 
tainer or the third container; a probe control 
mechanism for controlling the placement of the 
flrst and second hollow probes; and a stepping 

so motor connected or connectable to drive the 
peristaltic pump, the stepping motor being con- 
trollable so that It can mafce precise angular 
movements, the hollow probes being connected 
to the peristaltic pump for aspiration of liquid 

55 from the containers. 

The means for deriving an analytical measure- 
ment can be, for example, a spectrophotometer. 

Advantageously, the stepping motor is control- 
led by a microprocessor. The same mlcro- 

60 processor may also be used to control the analyti- 
cal instrument e.g. a spectrophotometer, and to 
process data produced by that instrument. 

The apparatus may also include a turntable for 
receiving and holding samples which are to 

66 undergo analysis; the tumtable is preferably con- 
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trolled by an Indexing arrangement actuated di- 
rectly or indirectly by the stepping motor and 
controlled by the microprocessor. 

The method and apparatus of the Invention are 
especially useful in clinical analysis* The method 
and apparatus may be used to obtain data for 
Instantaneous reactions between sample and rea- 
gent; for example, in the measurement of serum 
calcium levels, the sample fs mixed with a.reagent 
consisting of a solution of cresophthalein com- 
plexone. A blue colour develops immediately the 
intensity of which is proportional to the concent- 
ration of calcium in the sample. With an instan- 
taneous reaction of this sort, the active slug can 
be punriped through the flow cell of a colorimeter 
without stopping, and the maximum signal de- 
rived from the photometer represents the calcium 
concentration of the sample in question. 

The method.and apparatus may also be used to 
derive data from samples which undergo a slow 
reaction with their reagent. Thus In the measure- 
ment of serum glucose levels, a sample of the 
serum under investigation is mixed with the 
enzyme glucose dehydrogenase. The mixture Is 
incubated, typtcalty at 30°C, and as a result of the 
reaction the coenzyme nicotinimide adenine dl- 
nucleotide is converted into its reduced form 
which absorbs light in the ultraviolet region of the 
spectrum. In investigations of this type, the active 
slug is pumped Into the flow cell of the colorime- 
ter; the pump is then stopped and the signal from 
the colorimeter is observed for a predetermined 
period, for example 15 seconds. The rate of 
change of the colorimeter signal in the course of 
the observation Is then proportional to the con* 
centration of glucose In the serum sample. 

One embodiment of the apparatus of the Inven- 
tion will now be described, by way of example, 
with reference to the accompanying drawing 
which illustrates the apparatus diagrammatically. 

The drawing shows a pair of probes 1 and 2 
inserted into, respectively, a container S contain- 
ing a sample which is to be analysed, and a 
container R which contains a reagent which Is to 
be reacted with the sample S. A probe control 
mechanism 3 is provided which Is operated by a 
stepping motor 5 through an indexing arrange- 
ment 4. The probe control mechanism serves to 
transfer the probe from sample and reagent 
containers to a third container C which is a source 
of inert carrier liquid, for example distilled water. 
The alternative positioning of the probes in the 
container C is indicated by the dashed lines 1 ' and 
2'. The sample container S is located on a turn- 
table (not shown) which carries a series of 
samples which are to be analysed sequentially by 
the apparatus. The stepping motor 5 is controlled 
by a microprocessor 6. The apparatus also in- 
cludes a peristaltic pump 7 the operation of which 
is effected by steeping motor 5 under control of 
microprocessor 6. Material within probes 1 and 2 
is drawn by the action of peristaltic pump 7 along 
conduits 8 and 9, respectively (formed by narrow 
bore plastics tubing) whence they pass through 
the pump at 8a and 9a, respectively and reach a Y- 



piece 10, where the two flow streams are com- 
bined, via tube portions 8b and 9b, respectively. 
Downstream of Y-piece 10 there is an elongate 
channel 11 which leads to the measurement cell 

* 1 2 of the spectrophotometer. The output 1 3 from 
the spectrophotometer is fed to microprocessor 6, 
. and one or more analytical parameters derived 
from output 13 are displayed on a display unit 14. 
After passing through the measurement cell 12 of 
the spectrophotometer, the fluid is passed to 
waste at 15. The flow channel through the 
apparatus consists of probes 1 and 2, conduits 8 
and 8a, 9 and 9a, 8b and 9b, Y-piece 10, elongate 
channel 11 and the passage to disposal at 15. 
Throughout its length, the flow channel can be 
formed of narrow bore polyethylene tubing. The 
internal diameter of the tubing is preferably less 
than 1mm. The parts 8a and 9a are generally 
known as pump tubes; since the action of perls- 

^ taltic pump 7 is such that fts rollers exert a 
uniform linear driving action over the two pump 
tubes, the volume* of liquid delivered by a given 
sweep of the pump rollers is proportional to the 
internal dlameter(s) of the pump tubes; Thus by 

25 employing tubes 8a and 9a of different internal 
diameter, the sample: reagent ratio drawn from 
containers S and R, respectively, can be varied at 
will. 

The apparatus illustrated diagrammatically in 

30 the drawing is operated as follows: at the start of 
an analysis, the two probes are in the position 
shown by dashed lines 1 ' and 2', i.e. they both dip 
into a source of carrier liquid, e.g. distilled water. 
Operation of peristaltic pump 7 under these con- 

38 ditions will draw distilled Vvater through the 
apparatus, this serving as a washing function. 
Operation of the peristaltic pump 7 is stopped, so 
that there Is no fluid flow through the flow 
channel of the apparatus. Probe control mechan- 

40 ism 3 is then actuated by stepping motor 5 and 
indexing arrangement 4 to lift the probes from 
container C and to insert probe 1 into the sample 
S, and probe 2 into the reagent R. fVlicroprocessor 
6 then actuates stepping motor 5 to operate 

46 peristaltic pump 7. The pump malces a predeter- 
mined angular movement, thus drawing up a 
precise volume of sample (e.g. serum) and a 
precise volume of reagent into the probes 1 and 2 
respectively. The pump tube 9a is of a larger 

so intemal diameter than the pump tube 8a; this 
serves to ensure that the volume of reagent 
drawn up by a given angular movement of the 
pump 7 is larger than the volume of sample 
drawn up by the same angular movement of the 

55 pump. Operation of the peristaltic pump is then 
stopped, and probe control mechanism 3 trans- 
fers the probes 1 and 2 back to the source of 
carrier liquid C. Peristaltic pump 7 is then actuated 
once again, so that the sample and reagent 

.60 already contained within probes 1 and 2 are 
drawn through the pump 7, while distilled water 
from container C Is drawn through the flow 
channel immediately behind the sample and re- 
agent so that the material In the flow channel is a 
. 66 continuous liquid phase. Continued operation of - 
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the pump causes the respective slugs of sample 
and reagent to come together at the Y-piece 10, 
where they merge into a single, active slug which 
travels along the remainder of the flow channel 
through the apparatus. Obviously, the path 
lengths and internal diameters of the tube sec- 
tions 8b and 9b are arranged to ensure that the 
sample and reagent reach the Y-piece 10 simul- 
taneously. Meanwhile, the turntable holding 
samples S is rotated so that the next sample to 
be analysed is in a position to receive the probe 
1. After a predetermined time, 9peration of the 
peristaltic pump 7 is stopped once more, so that 
flow of material through the flow channel of the 
apparatus comes to a halt. Probe control mechan- 
ism 3 then transfers the probes to the containers 
S and R so that the next sample to be analysed 
can be drawn into the apparatus together with the 
reagent therefor. 

It will be seen that continued operation in the 
manner described above results in a series of 
active slugs passing through the flow channel of 
the apparatus. Depending on the selected mode 
of operation, there may be a plurality of active 
slugs present simultaneously in the flow channel 
each separated by a predetermined column of 
carrier liquid, e.g. distilled water; alternatively, 
the apparatus can be controlled so that a new 
sample is Introduced into the flow channel only 
when the previous sample has passed through 
the flow channel and has gone to waste. 

Each active slug can comprise terminal regions 
composed almost entirely of pure reagent, with a 
central region between them in which sample and 
reagent are intimately mixed. As each active slug 
passes along the elongate channel 11, reaction 
between sample and reagent takes place. The 
elongate channel 11 will be of a length sufficient 
to ensure complete mixing between sample and 
reagent. As the active slug reaches the measure- 
ment cell 12 of the spectrophotometer, an optical 
measurement is taken which is fed as output 13 to 
the microprocessor 6. The output may be dis* 
played directly on display unit 14, or the micro- 
processor may be used to calculate one or more 
analytical parameters derived from the optical 
measurement. 

The nature of the sample and that of the 
reagent involved In any particular analysis will 
determine which of these two arrangements is 
adopted. 

Similarly, the optical measurement taken by the 
spectrophotometer may take place with the active 
slug flowing continuously through the spectro- 
photometer, or it may take place with the 
active slug held stationary within measuring cell 
12. The first course will be adopted where the 
reaction between sample and reagent is instan- 
taneous, or where it is complete by the time the 
active slug reaches the measurement cell 12, and 
the second course will be adopted where the 
reaction between sample and reagent Is a slow 
reaction, i.e. one which is still proceeding at the 
time the active slug reaches measurement cell 12. 

The apparatus described above operates at 



relatively low pressures and under conditions of 
laminar flow. The material within the flow 
channel is a continuous liquid — no segmentation 
by air bubbles or immiscible liquids Is necessary 

^ in order to preserve the integrity of adjacent 
active slugs. A high throughput of samples is 
possible, and furthermore the sampling rate can 
be varied according to the nature of sample and 
reagent which are undergoing analysis. The use 

'0 of microprocessor 6 to operate stepping motor 5 
enables great accuracy to be obtained in the 
volumes of samples and reagent which are drawn 
up into the apparatus. The volume ratio between 
sample and reagent Is determined by the ratio 

fs between the internal diameters of pump tubes 8a 
and 9a which are in the form of plastics tubing. It 
is a relatively simple matter to change one or both 
of the pump tubes In order to alter the desired 
volume ratio and hence to alter the relative 

2<> proportions of sample and reagent which are 
drawn through the apparatus. The micro- 
processor 6 can be programmed to act on stepping 
motor 5 so as to adjust the sampling size, the 
length of the column of carrier liquid provided 
between adjacent samples, and the hold time of 
material within measuring cell 12. 

The invention will be further illustrated by the 
following Examples. 

30 Example 1 

The apparatus of the invention was used to 
perform an assay of serum creatinine by the 
kinetic Jaffd method. This uses the red coloration 
formed when creatinine reacts with picric acid 

3S (2A6-trinItrophenol) and sodium hydroxide to 
estimate the quantity of creatinine present in the 
sample. A spectrophotometer having a 7-volt 
lamp as the light source and a 505 nm filter was 
used to detect the development of the coloration. 

^ The pump tube 8a (for the serum sample under 
Investigation) has an internal diameter of 0.76 
mm (0.03 inches) while the pump tube 9a (for the 
picric acid/sodium hydroxide reagent) had an 
Internal diameter of 1.65 mm (0.065 inches). The 

^ flow channel 1 1 consisted of a colled plastics tube 
of internal diamter of (0.76 mm (0.03 Inches) 
wound about a thermostatically controlled heater 
arranged to maintain the liquid within the flow 
channel at a uniform 25*C. The peristaltic pump 7, 

so when driven, was operated at 75 revolutions per 
minute. The microprocessor was programmed to 
operate the pump with a 10 second aspiration 
period in which sample and reagent were drawn 
directly into their separate flow lines 1 and 2, 

85 respectively, after which the pump was stopped 
while the probes were transferred to container C 
which held delonised water as the carrier liquid. 
The size of the pump tubes together with the 10 
second aspiration resulted in the extraction of 15- 

so microlltres of sample from container S and 65 
microlitres of reagent from container R. The 
pump was then operated for a further 3 seconds, 
which effected the transport of the active slug 
formed at 10 to the measurement cell 12 of the 

6S spectrophotometer. The pump was then halted 
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for a penod of 15. seconds, during which the 
colour change within cell 12 was monitored. The 
active slug was then flushed out of the flow line' 
by a further operation of the pump 7 for a period 
of 6 seconds. Thus the cycle time per sample was 
34 seconds. The determination of the creatinine 
level of the sample was effected by standard 
colorimetric analysis and the result was obtained 
at 14. 

Example 2 

In order to assess the accuracy of the apparatus 
and method as described in Example 1, the 
analytical run was repeated with 20 serum 
samples and the results were recorded. The same 
samples were then analysed by the same kinetic 
Jaffe method on a commercially available cen- 
trifugal analyzer (a Centrifichem 400 analyser 
manufactured by Union Carbide Limited) and the 
results were compared. The two sets of results 
were to all intents and purposes Identical, the 
correlation coefficient (r) being r » 0.98. 

Example 3 

The precision of the method as described In 
Example 1 was assessed by using pre-prepared 
creatinine solutions as samples. Ten analytical 
runs were completed with creatinine levels at (a) 
128 millimols/litre, (b) 330 millimols/litre and (c) 
970 millimols/litre. The coefficient of variation 
(cV) was calculated for each of the three levels: cV 
is the standard deviation expressed as a percent- 
age of the mean valuer and is also Icnown as 
relative standard deviation. The results obtained 
were as follows: 



Creatinine level 


cV 


(mmol/l) 


{%) 


128 


6.0 


330 


2.6 


970 


3.5 



While the apparatus has been described in 
relation to the measurement of an optical para- 
rneter using a spectrophotometer, other analyti- 
cal instruments may be used as well as, or instead 
of, a spectrophotometer, depending upon the 
nature of the material being investigated. Thus it 
may be valuable, in some analyses, to make 
electrochemical measurements on the material 
passing through the flow channel, for example Isy 
means of a polarograph. 

Claims 

1. A method of analysis of a liquid sample 
which is carried along a flow channel by a carrier 
liquid, which method comprises simultaneously 
introducing a predetermined quantity of a given 
sample and a predetermined quantity of a 
selected reagent directly into separate flow lines 
by aspiration from separate containers; bringing 
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the extracted sample and the extracted reagent 
together into a common flow channel; and caus- 
ing the sample/reagent mixture to travel along 
said flow channel to the measurement cell of an 
analytical instrument, the sample and reagent 
being aspirated and caused to flow along the flow 
channel by a peristaltic pump, characterised in 
that: (1) the sample and reagent are extracted by 
hollow probes which are connected to the peris- 
taltic pump; and (2) after the predetermined 
quantities of sample and reagent have t>een 
aspirated, the hollow probes are transferred while 
pump action is momentarily stopped to a con- 
tainer of a carrier liquid, whereafter the pump is 
re-started, whereby the sample and reagent are 
caused to travel along said flow channel as a 
discrete liquid sluQ Interposed in a stream of 
carrier liquid. 

2. A method according to claim 1, further 
characterised in that a common pump is used to 
draw sample, reagent and carrier liquid into said 
separate flow lines. 

3. A method according to claim 1 or 2, charac- 
terised in that said hollow probes are connected 
to the peristaltic pump by narrow bore tubing. 

4. A method according to claim 1, 2 or 3, 
wherein the peristaltic pump Is driven by a step- 
ping motor under the control of a microprocessor. 

5. A method according to claim 1, 2, 3 or 4, 
characterised in that a single discrete sample/ 
reagent slug Is caused to pass along the flow 
channel at any given time. 

6. A method according to claim 1, 2, 3 or 4, 
characterised in that a plurality of sample/reagent 
slugs are caused to flow along the flow channel 
simultaneously, each of the slugs being separated 
by a predetermined column of carrier liquid. 

7. A method according to any preceding claim, 
characterised in that the flow channel is consti- 
tuted by piping of internal diameter not greater 
than 1 mm. 

8. A method according to any preceding claim, 
characterised in that the sample and reagent are 
brought together at a Y-piece or T-plece forming 
part of the flow channel. 

9. A method according to any preceding claim, 
characterised in that the quantity of reagent 
drawn into the flow channel Is greater than the 
quantity of sample. 

10. A method according to any preceding claim, 
characterised in that the or each slug of sample/ 
reagent in the flow channel is subjected to spec- 

. trophotometric analysis. 

1 1 . Apparatus for the analysis of liquid samples 
carried along a flow channel by a carrier liquid, 
which apparatus comprises a first container (S) 
for the material a sample of which is to be 
analysed; a second container (R) for a reagent to 
be admixed with said sample; a third container 
(C) for a carrier liquid; means (10) for bringing the 
extracted sample and the extracted reagent 
together into a common flow channel (1 1 ); a peris- 
taltic pump (7) for effecting aspiration of liquids 
from the containers and for pumping the liquids 
along the flow channel (11); and means (12) 
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deriving an analytical measurement from ma- 
terial in the flow channel, the apparatus being 
characterised by a first hollow probe (1) for 
insertion Into either the first container (S) or the 
third container (C); a second hollow probe (2) for 
insertion into either the second container (R) or 
the third container (C); a probe control mechan- 
ism (3) for controlling the placement of the first 
and second hollow probes; and a stepping motor 
(5) connected or connectableto drive the peristal- 
tic pump (7), the stepping motor being controll- 
able so that it can make precise angular move- 
ments, the hollow probes (1, 2) being connected 
to the peristaltic pump (7) for aspiration of liquids 
from the containers. 

12. Appparatus as claimed in claim 11, further 
characterised by a microprocessor (6) adapted to 
control the stepping motor (5). 

13. Apparatus as claimed in claim 1 2, character- 
ised in that the probe control mechanism (3) is 
operated through an Indexing arrangement (4) by 
the stepping motor (5) under control of the 
microprocessor (6). 

14. Apparatus as claimed In claim 11, 12, or 13, 
characterised in that the means for deriving an 
analytical measurement (12) from material in the 
flow channel is a spectrophotometer. 

15. Apparatus as claimed in claim 11, 12, 13 or 
14, further characterised by a turntable for receiv- 
ing and holding samples which are to undergo 
analysis. 

16. Apparatus as claimed in claims 12 and 15, 
characterised in that the turntable is controlled by 
an indexing arrangement actuated directly or 
indirectly by the stepping motor (5) and control- 
led by the microprocessor (6). 

17. Apparatus as claimed In any of claims 1 1 to 

16, characterised in that the flow channel (11) is 
constituted by narrow bore tubing of Internal 
diameter less than 1 mm. 

18. Apparatus as claimed in any of claims 1 1 to 

17, characterised in that the means (10) for bring- 
ing the extracted sample and the extracted re- 
agent together into a common flow channel is a 
Y-piece or a T-piece. 

PatentansprQche 

1. Verfahren zur Analyse einer entlang eines 
Strdmungsicanats mittels einer TrSgerflQssigkeit 
gefuhrten flQssigen Probe, indem gielchzeitig 
eine vorbestimmte Menge einer gegebenen Probe 
und eine vorbestimmte Menge eines bestimmten 
Reagens durch Ansaugen aus getrennten Behal- 
tern direlct in getrennte Strdmungsleitungen ein- 
gefQhrt und die entnommene Probe und das 
entnommene Reagens zusammen in einen ge- 
meinsamen FlieCkanal eingebracht werden und 
das Probe/Reagens-Gemisch entlang des FlielSka- 
nals zur IVIelSzelle eines AnalysiergerStes gefOhrt 
wird, wobei die Probe und das Reagens durch 
eine Schlauchpumpe angesaugt und durch den 
FlieBkanal befdrdert werden, dadurch gekenn- 
zeichnet, dafi (1) die Probe und das Reagens 
mittels mit der Schlauchpumpe verbundener 
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Hohlsonden entnommen und (2) nach dem An- 
saugen vorbestimmter Mengen an Probe und 
Reagens die Hohlsonden, wahrend die Pumpe 
vorObergehend abgestellt wird,zu einem Behalter 
B mit einer Tragerflijssigkeit QbergefOhrt werden, 
wonach die Pumpe neueriich in Gang gesetzt 
wird, wobei die Probe und das Reagens veranlaBt 
werden, als fQr sich aliein stehender, in einen 
Strom einer TrdgerflQssigkeit eingesetzter Pfrop- 
fo fen entlang des gennanten Fiiefikanais zu wan- 
dern. 

Z Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB zur Forderung der Probe, des Rea- 
gens und der TrdgerflQssigkeit in getrennte Strd- 
fs mungsleitungen eine gemeinsame Pumpe einge- 
setzt wird. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, dafi die Hohlsonden durch Rohr- 
leitungen mit kleiner Innenweite mit der 

20 Schlauchpumpe verbunden sind. 

4. Verfahren nach einem der AnsprCiche 1 — 3, 
dadurch gekennzeichnet, dalS die Schlauchpumpe 
von einem Schrittmotor unter der Steuerung 
durch einen Mikroprozessor angetrleben wird. 

2S 5. Verfahren nach einem der AnsprQche 1 — 4, 
dadurch gekennzeichnet, dafi ein einzelner Probe/ 
Reagens-Pfropfen fur sich allein zu jedem gege- 
benen ZeitpuTikt durch den Flie&kanal gefOhrt 
wird. 

30 6. Verfahren nach einem der AnsprQche 1—4, 
dadurch gekennzeichnet, dafi eine Vielzahl von 
Probe/Reagens-Pfropfen gleichzeitig durch den 
FlieQkanal gefOhrt wird, wobei Jeder der Pfropfen 
durch eine vorbestimmte Sdule an TrSgerflOssig- 
35 keit abgesondert 1st. 

7. Verfahren nach einem der vorhergehenden 
AnsprQche, dadurch gekennzeichnet, daS der 
FlieSkanal durch eine Rohrieitung mit einem In- 
nendurchmesser von hdchstens 1 mm gebildet 

40 ist. 

8. Verfahren nach einem der vorhergehenden 
AnsprQche, dadurch gekennzeichnet, dafi die 
Probe und das Reagens bei einem einen Teil 
des FlleEkanals bildenden Y-StOdc oder T-Stuck 

45 zusammengefQhrt werden. 

9. Verfahren nach einem der vorhergehenden 
AnsprQche, dadurch gekennzeichnet, da(S die 
Menge an in den Fliel^kanal gefordertem Reagens 
grdBer ist als die Menge der Probe.. 

50 10. Verfahren nach einem der vorhergenden- 
den AnsprQche, dadurch gekennzeichnet, daB der 
Pfropfen oder jeder der Pfropfen aus Reagens/ 
Probe im FlIeBkanal einer spektrophotometri- 
schen Analyse unterworfen wird. 
ss 11. Apparat zur Analyse von durch einen Fliel^- 
kanal mittels einer TrdgerflQssigkelt gefOhrten 
flOssigen Proben, bestehend aus einem ersten 
Behalter (S) fQr das Material, von dem eine Probe 
analysiert werden soil, einem zwerten BehSlter (R) 
60 fOr ein mit der genannten Probe zu vermischen- 
des Reagens, einem dritten BehSlter (C) fOr eine 
TrflgerflOssigkeit, Einrichtungen (10), um die ent- 
nommene Probe und das entnommene Reagens 
in einen gemeinsamen Riel^kanal (11) zusammen 
55 einzubringen, einer Schlauchpumpe (7) zum An- 
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saugen von FIQssigkeiten aus den Behaltern und 
zum Pumpen der FIQssigkeiten durch den FlleSka- 
nal (11), und Einrichtungen (12) zur Vornahme 
einer analytischen Messung des Materials Im 
FlleSkanal, gekennzeichnet durch eine erste Holil- 
sonde (1) zur Einfuhrung entweder in den ersten 
Behalter (S) oder in den dritten Behalter (C), eine 
zweite Hohlsonde (2) zur Einfuhrung entweder In 
den zweiten Behalter (R) Oder in den dritten 
Behalter (C), einen Sondensteuerungsmechanls- 
mus (3) zur Steuerung der Plazlerung der ersten 
und der zweften Hohlsonde, und einen zum An- 
trleb der Schfauchpumpe (7) geschalteten Oder 
schaltbaren Schrittmotor (5), der derart steuerbar 
ist, daB er zur DurchfQhrung praziser Wlnkelbe- 
wegungen befShigt ist, wobel die Hohlsonden (1, 
'2) zum Ansaugen von FIQssigkeiten aus den 
BehSltem an die Schlauchpumpe (7) angeschlos- 
sen sind. 

12. Apparat nach Anspruch 11 » gekennzeichnet 
durch einen Mikroprozessor (6) zur Steuerung des 
Schrittmotors (5). 

13. Apparat nach Anspruch 12, dadurch ge- 
kennzeichnet, da& der Sondensteuerungsmecha- 
nismus (3) Ober eine Schaltvorrlchtung (4) durch 
den Schrittmotor (5) unter der Steuerung durch 
den Mikroprozessor (6) betdtigt wird. 

14. Apparat nach elnem der AnsprQche 11 — 13, 
dadurch gekennzeichnet, da& die Einrichtungen 
(12) zur Vornahme einer analytischen Messung 
des Materials im FlieBkanah aus einem Spektro- 
photometer bestehen. 

15. Apparat nach elnem der AnsprQche 11 — 14, 
gekennzeichnet durch einen Drehtlsch fQr die 
Aufnahme und Halterung der zu analysierenden 
Proben. 

16. Apparat nach den AnsprQchen 12 und 15, 
dadurch gekennzeichnet. da& der Drehtlsch durch 
eine direkt oder indlrekt durch den Schrittmotor 
(5) betatlgte und durch den Mikroprozessor (6) 
gesteuerte Schaltvorrichtung gesteuert wird. 

17. Apparat nach elnem der AnsprQche 11 — 16, 
dadurch gekennzeichnet, dali der Fllefikanal (11) 
durch eine Rohrieitung mit enger Innenweite von 
einem Innendurchmesser von weniger als 1 mm 
geblldet ist 

18. Apparat nach einem der AnsprQche 11 — 17, 
dadurch -gekennzeichnet, daB die Einrichtungen 
(10) zum gemeinsamen Einbringen der entnom- 
menen Probe und des entnommenen Reagens In 
efnen gemeinsamen FlieBkanal durch ein Y-StQck 
Oder eine T^tQck gebildet sInd, 

Revendlcations 

1. Proc^de d'analyse d'un ^chantillon de liquide 
qui est entraTne le long d'un conduit d'^oule- 
ment par un liquid entraineur, ce procedd consis- 
tent d introduire simultanement une quantity 
pr4determin6e d'un ^hantlllon donn6 et une 
quantity pr^d^termin^e d'un r6actif choisi, direc- 
tement dans de tuyaux d'dcoulement separ^s par 
aspiration depuis des rteipients sdpards; d reunir 
l'6chantillon extrait et le r6actif extrait dans un 
conduit d'^oulement commun; et dfaire en sorts 



que le melange ^chantillon/r^actlf se rende fg* 
sulvant le conduit d'6coulement, d la cellule 
mesure d'un instrument analytique, l'6chantilIon 
et te.r^actif ^nt aspirds et amends d s'^ouler le 
long du conduit d'ecoulement par une pompe 
pdristaltique, caractdrisd en ce que: (1) on extrait 
l'6chantillon et le -rdactif au moyen de sondes 
creuses qui sont relives d la pompe peristaltique, 
et (2) aprhs que les quantites pr^dtermindes 

to d'dchantillon et de rdactif aient M asplrdes, on 
transfdre les sondes creuses, pendant que raction 
de la pompe est momentanement arr§t6e, h un 
recipient de liquide entraineur, aprds quoi on fait 
reddmarrer la pompe, de sorte que I'^antlllon et 

IS le reactif soient amends h se ddplacer le long du 
conduit d'dcoulement sous la forme d'un bou- 
chon liquide distinct interposd dans un courant de 
liquide entraineur. 

2. Procddd selon la revendlcatlon 1, caractdrisd 
20 en outre, en ce que Ton utilise une pompe 

commune pour aspirer I'echantillon, le reactif et 
le liquide entraineur dans les tuyaux d'ecoule- 
ment sdpards. 

3. Procddd selon la revendlcatlon 1 ou 2, carac- 
2ff tdrisd en ce que les sondes creuses sont relldes h 

la pompe peristaltique par un tube k aldsage 
dtroit 

4. Procddd selon la revendlcatlon 1, 2 ou 3, dans 
lequel la pompe peristaltique est entralnde par un 

^ moteur pas-d-pas sous la commands d'un micro- 
processeur. 

5. Procddd selon la revendlcatlon 1, 2, 3 ou 4, 
caractdrlsd en ce que I'on fait passer un seul 
bouchon discret dchantillon/rdactif le long du 

38 conduit d'dcoulement d un moment donnd quel- 
conque. 

6. Procddd selon la revendlcation 1, 2, 3 ou 4, 
caractirise en ce que I'on fait s'ecouler slmultand- 
ment le long du conduit d'dcoulement plusieurs 

40 bouchons dchantillons/rdactif, chacun des bou- 
chons dtant sdpard par une colonne prddetermi- 
nde de liquide entraineur. 

7. Procddd selon i'une quelconque des revendl- 
cations prdcedentes, caractdrisd en ce que le 

45 conduit d'dcoulement ' est constitud par une 
tuyauterie d'un diamdtre non supdrleur ^ 1 mm. 

8. Procddd selon I'une quelconque des revendl- 
cations prdcedentes, caractdrisd en ce que Ton 
rdunit rdchantillon et le reactif d I'endroit d'une 

BO pidce en Y ou d'une pidce en T faisant partie du 
conduit d'dcoulement. 

9. Precede selon Tune quelconque des revendl- 
cations pr6c6dentes, caractdrisd en ce que la 
quantity de reactif aspird dans le conduit d'dcou- 

ss lement est plus grande que la quantite d'^chan- 
tillon. 

10. Proc6d6 selon I'une quelconque des reven- 
dications prec^dentes, caractdrisd en ce que Ton 
soumet le bouchon ou cheque bouchon ^chantil- 

60 lon/r^actif dans le conduit d'dcoulement d une 
analyse spectrophotom^rique. 

11. Appareil pour I'analyse d'dchantiltons li- 
quides entralnes le long d'un conduit d'ecou le- 
ment par un liquide entraineur, cet appareil com- 

6S prenant un premier rteipient (S) pour la matidre 
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dont il s'agit d'analyser un echantillon; un 
deuxieme recipient (R) pour un reactif d m^langer 
d cet dchantillon; un troienne recipient (C) pour un 
(iqulde entraineur; des. moyens (10) pour r^unir 
Techantillon extra it et le reactif extra it dans un 
conduit d'6cou!ement commun (11); une ponnpe 
p6ristaltique (7) pour effectuer I'as pi ration de 
llqutdes depuis les recipients et pour ponnper les 
liquides le long du conduit d'6coulement (11); et 
des moyens (12) pour effectuer une mesure ana- 
lytique sur la matidre se trouvant dans le conduit 
d'dcoulement Tappareil 4tant caractdrisd par une 
premidre sonde creuse (1) destin^e d §tre ins^r^e 
soit dans le premier recipient (S) soit dans le 
trolseme recipient (C); une deuxieme sonde 
creuse (2) destine k dtre insdree soit dans le 
deuxidme r^ipient (R) soit dans le troisidme 
recipient (C); un mecanisme de commande de 
sondes (3) pour commander la mise en place des 
premiere et deuxrdme sondes creuses; et un 
moteur pas-d-pas (5) relid ou pouvant 6tre relld de 
manidre d entraTner la pompe p^ristaltique (7), le 
moteur pas-d-pas pouvant dtre comma nd6 de 
faQon qu'il puisse faire des mouvements angu- 
laires precis, les sondes creuses (1,2) dtant reliees 
i la pompe peristaltfque (7) pour raspiration de 
liquides depuis les recipients. 

12. Appareil selon la revendication 11, caract^ 
ris6, en outre, par un microprocesseur (6) congu 
pour commander le moteur pas-d-pas (5). 

13. Appareil selon la revendication 12, caractd- 
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rise en ce que te mecanisme de commande de 
sondes (3) est action n6, par Tinterm^diaire d'un 
. dispositif d'avancement (4), par le moteur pas-a- 
pas (5) sous la commande du microprocesseur 
S (6). 

14. Appareil selon la revendication 11, 12 ou 13, 
caract^ris^ en ce que le moyen servant d effectuer 
une mesure analytique (12) sur une matidre se 
trouvant dans le conduit d'6coulement est un 

/o spectrophotom6tre. 

15. Appareil selon la revendication 11, 12, 13 ou 
14, caract^risd, en outre, par un plateau tournant 
destine h recevoir et d porter des echantillons qui 
doivent subir I'analyse. 

fS 16. Appareil selon les revendications 12 et 15, 
caracteris^ en ce que le plateau tournant est 
command^ par un dispositif d'avancement ac- 
tionne directement ou indirectement par le mo- 
teur pas'd-pas (5) et command^ par le micropro- 

20 cesseur (6). 

17. Appareil selon Tune quelconque des reven- 
dications 11 d 16, caract^risd ce que le conduit 
d'6coulement (11) est constitud par un tube ^ 
aldsage dtroit de diam^tre interieur infdrieur d 1 

26 mm. 

18. Appareil selon Tune quelconque des reven- 
dications 11 a 17, caract6ris6 en ce que le moyen 
(10) servant d reunir I'^hantillon extrait et le 
reactif extrait dans un conduit d'6coulement com- 

30 mun est une pidce en Y ou une pidce en T. 
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